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Question 1 
a) Find the equivalent resistance of fifty 75 kQ resistors when connected 
i) in series 
ii) in parallel. (2 marks) 


b) Find the complex impedance (in both normal form Z=a+jb and polar form Z= IZ|.2°) at a 


frequency of @ = 5x10° rad/sec between terminals CD of the following circuit. (6 marks) 
C R=15.0kQ D 
L=2.5H 


c) Show that the electrical behavior at port EF is equivalent to that at port GH in the two circuits 


below. (6 marks) 
~Ry=4kQ  -R3=5kKOQ Ry=7.4kO | 


V=15V 


R2=6kQ 


d) Would the Norton equivalents of the two circuits in part c) be identical? Justify your answer. 


(2 marks) 
e) The following circuit shows a voltage source and a filter. 
& 
sie 2 S 
Vout(}=V ,cos(at+8) 

i) Is the filter a high-pass, low-pass or band-pass type? Justify your answer. (3 marks) 
ii) Show that the magnitude of the voltage transfer function of the filter is 1/V5 at a radian 

frequency of @ = 1/2RC). (6 marks) 
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Question 2 
a) Assuming an ideal op-amp, derive a formula for the voltage gain Vow / Vin of the following 


circuit. (6 marks) 
V post 5V 
Vin : 
{ ! Vout 
tt 


i 
b) Using your result from part a) or otherwise, find component values that produce an overall 


— R Ry 


voltage gain of +50.0. (2 marks) 


c) Can the circuit in part a) be used to produce a voltage gain of —50.0? Justify your answer. 
(3 marks) 


d) In part a), an ideal op-amp was assumed. What does this assumption imply in regard to the Op- 


amp’s electrical characteristics? (5S marks) 


e) The op-amp in part a) has +5V power supplies. This enforces a limitation on the behavior of the 
op-amp. What limitation does the +5V power supply impose? (3 marks) 


f) In a mail-order package you receive a “Free Bonus MOSFET!”. The supplier correctly labels the 
three leads but gives no indication of whether it is n- or p-channel. Similarly, there is no 
indication of whether it is enhancement or depletion type. What electrical test(s) could you do to 


determine these characteristics? (6 marks) 
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Question 3 
a) Describe the function performed by the following circuit. | (5 marks) 


R=1kQ 


b) Sketch a graph of the transfer characteristic (that is, a graph Vj, vs. Vo.) of the circuit in part a). 


State any assumptions you make. (S marks) 


c) For the circuit in part a), sketch graphs of Vj, and Vo, each vs. time, given that 
Vin = 3 cos 100zt volts. | (S marks) 


d) The zener diode in the following circuit has a v-i characteristic shown in the graph below. 


_. 
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i) Estimate the piecewise-linear Thevenin equivalent model circuit that corresponds to the zener 
diode in the reverse bias region between 5 mA and 20 mA. | (S marks) 


ii) Find the zener current Jy and the zener voltage Vz in the above circuit. 
(5 marks) 
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Question 4 
a) For the following circuit find the drain-source voltage V,, and the drain current J, Assume that 
the MOSFET has characteristics: V,, = 2.0 volts and K = 0.3 mA/V’. Hint: Assume that the 
MOSFET is in the constant-current region of operation. (5 marks) 
Ig 


<g— 


Vii V=10V 


b) Is your answer to part a) consistent with the assumption that the MOSFET is in the constant- 


current region of operation? Justify your answer. (3 marks) 
c) Calculate the power dissipated in resistor Rj. (3 marks) 
d) Calculate the power dissipated in the MOSFET. (3 marks) 


e) Suppose an additional resistor Ry was placed in the circuit, in series with Ry. What resistance 
value for R2 would cause the MOSFET to operate at the borderline between the constant-current 
and triode regions. (6 marks) 

f) Suppose that two MOSFETs, each with characteristics: Vi; = 2.0 volts and K =0.3 mA/V’, are 
connected in parallel as shown below. In effect, the network behaves as a single composite 
MOSFET. What is the effective 

1) threshold voltage V;,, and 
ii) K parameter 
for this network of two MOSFETs? (S marks) 
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Question 5 
a) The following circuit is a BJT logic gate. Describe the operation of the circuit and find the logic 
truth table for digital logic inputs (A and B) and output (Y). (6 marks) 


" +5 volts 


b) Is the logic gate from part a) an AND, NAND, OR, NOR, EXCLUSIVE-OR or EXCLUSIVE- 


NOR type? (2 marks) 
c) Why is the resistor in the circuit of part a) necessary for correct logic operation? (2 marks) 
d) Define the noise margin of a digital circuit and describe its significance. (S marks) 


e) In a digital circuit, is it better to have a high or a low noise margin? Justify your answer. 


(2 marks) 
f) The following table gives the specification for a family of CMOS logic gates. 
Output LOW voltage | Vor 
Input HIGH voltage 3.5 V 
Input LOW voltage | Vn | 1SV] 
Find the voltage noise margin for the logic family. (5 marks) 


g) Copy the following circuit diagram and show how you would connect digital multimeters to 
measure 
i) the current J; and 


ii) the potential difference across the 4kQ resistor. (3 marks) 


12V 


Useful Formulae are on page 7 
Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 

Writing your name and number on the front will help us confirm that your paper has been returned. 
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Useful Formulae 


e* =cosx+ jsinx 
Rseries =RI+R2Q+ ... 


1 I i 


a to Soe 
Rparallel RI R2 . 
be Z=at+jb  normal/rectangular form 


| 


i(t) = C a and z= {| eJO exponential/polar form 


then |z| = y a2 + b2 
di eae oer) pees 
v(t) = LS and 6 = tan (?) 


Also a = |z| cos 0 


ZC = Foc and b = |z/sin@ 
IZ] ‘ Z9| ae IZ4| ; Z| 
ZL, = joL Z1 Z| 
ZQ| (29 


Zseries =Z1 +Z2+ ... 


oe eee eee Vpeak  Vpeak-peak 
= gat alas V =Vartr = = 
——— n-ch MOSFET: 
f | Cut-offregion Veg < Vir : 
7 Iqg= 0 
Const current region (Vqg) > (Vos - Vtr): 
Iy+IQ+... = Oatnode gion (Vds) es tr) 
Vi+V2+.. = 0 around loop | 
Triode region (Vds) < (Vgs - Vir) : 
Ay a -Rf/ Ry 


Iq = K [2(Vgs - Vir)Vds - Vds7] 


BJT: 
R92 = 
Vout = R]7 +R5 Vin I, = Bly 
| I, = al, 
M = IRC) = a/(1-a) 
a = BAB+I) 
oO, = R/L 


AT = 0P; AT=temperature rise above ambient 


